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Abstract
Background: Even though in situ breast cancer (BCIS) accounts for a large proportion of the breast cancers
diagnosed, few studies have investigated potential risk factors for BCIS. Their results suggest that some established
risk factors for invasive breast cancer have a similar impact on BCIS risk, but large population-based studies on
lifestyle factors and BCIS risk are lacking. Thus, we investigated the association between lifestyle and BCIS risk within
the European Prospective Investigation into Cancer and Nutrition cohort.
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Methods: Lifestyle was operationalized by a score reflecting the adherence to the World Cancer Research Fund/
American Institute for Cancer Research (WCRF/AICR) cancer prevention recommendations. The recommendations
utilized in these analyses were the ones pertinent to healthy body weight, physical activity, consumption of plant-
based foods, energy-dense foods, red and processed meat, and sugary drinks and alcohol, as well as the
recommendation on breastfeeding. Cox proportional hazards regression was used to assess the association
between lifestyle score and BCIS risk. The results were presented as hazard ratios (HR) and corresponding 95%
confidence intervals (CI).
Results: After an overall median follow-up time of 14.9 years, 1277 BCIS cases were diagnosed. Greater adherence
to the WCRF/AICR cancer prevention recommendations was not associated with BCIS risk (HR = 0.98, 95% CI 0.93–
1.03; per one unit of increase; multivariable model). An inverse association between the lifestyle score and BCIS risk
was observed in study centers, where participants were recruited mainly via mammographic screening and
attended additional screening throughout follow-up (HR = 0.85, 95% CI 0.73–0.99), but not in the remaining ones
(HR = 0.99, 95% CI 0.94–1.05).
Conclusions: While we did not observe an overall association between lifestyle and BCIS risk, our results indicate
that lifestyle is associated with BCIS risk among women recruited via screening programs and with regular
screening participation. This suggests that a true inverse association between lifestyle habits and BCIS risk in the
overall cohort may have been masked by a lack of information on screening attendance. The potential inverse
association between lifestyle and BCIS risk in our analyses is consistent with the inverse associations between
lifestyle scores and breast cancer risk reported from previous studies.
Keywords: In situ breast cancer, Cohort, Lifestyle, Prevention, Lifestyle Score
Background
In situ breast cancer (BCIS) is an intraepithelial lesion
with malignant potential. Generally, it is considered a
non-obligatory precursor or a potential risk factor for in-
vasive breast cancer. Women with BCIS rarely report
symptoms, and the majority of in situ tumors are de-
tected through organized or opportunistic mammo-
graphic screening attendance [1].
Even though BCIS accounts for up to 20% of the
breast cancer cases diagnosed [2], its prognosis and
possible etiological similarities with invasive breast
cancer remain unclear. In epidemiological studies on
breast cancer risk, in situ tumors are often excluded
[3], censored [4], or included together with invasive
tumors as a composite endpoint [5]. Only few studies
have investigated potential risk factors for BCIS sug-
gesting that some established risk factors for invasive
breast cancer have a similar impact on BCIS risk [6–
9]. Regarding lifestyle factors, alcohol consumption
and smoking were found to be associated with a non-
statistically significant trend for increased risk of BCIS
in postmenopausal women [6], whereas higher body
mass index (BMI) was associated with a statistically
significant decreased risk for BCIS in premenopausal
women [7]. Physical activity studies showed mixed
findings, with some reporting no association with
BCIS risk [10, 11], while others reported an inverse
association [12]. However, comprehensive analyses on
pre-diagnostic diet and lifestyle in relation to BCIS
from large-scale cohort studies are sparse.
Considering the abovementioned studies suggesting an
inverse association of a more health-conscious lifestyle
with a decreased risk of BCIS, and the lack of large epi-
demiological studies, we investigated the association be-
tween lifestyle, operationalized by a score reflecting the
adherence to cancer prevention recommendations, and
BCIS risk within the European Prospective Investigation
into Cancer and Nutrition (EPIC) cohort.
Methods
Study population and data collection
EPIC is a multicenter prospective cohort study designed
to investigate the associations between diet, lifestyle,
genetic and environmental factors, and the incidence of
cancers and other chronic diseases. Over 520,000 partici-
pants, aged 25–70 years, were recruited between 1992
and 2000 in 10 European countries (Denmark, France,
Germany, Greece, Italy, the Netherlands, Norway, Spain,
Sweden, and the UK). The French cohort included
members of a health insurance plan for school and uni-
versity employees. Participants at the Spanish and Italian
centers (except Florence) included blood donors, mem-
bers of several health insurance programs, employees of
several enterprises, civil servants, and people from the
general population. In Utrecht and Florence, women
mainly participating in mammographic screening pro-
grams were recruited for the study. In Oxford, most of
the cohort consisted of “health-conscious” persons from
England, Wales, Scotland, and Northern Ireland, many
of whom were vegetarians. Participants were recruited
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from the general population in the other centers. The
cohorts of France, Norway, Utrecht, and Naples included
only women. All study participants provided written in-
formed consent. Ethical approval for this study was ob-
tained from the International Agency for Research on
Cancer review board and local participating centers.
Detailed information on the study design, methods,
and rationale of the EPIC cohort has been previously re-
ported [13, 14]. Upon recruitment, participants provided
medical, dietary, and lifestyle data during interviews and
via questionnaires, including information on alcohol use,
smoking status, physical activity, education, reproductive
history, breastfeeding, hormone use, and previous ill-
nesses. Diet over the previous 12months was assessed
using validated country-specific questionnaires [13], and
individual nutrient intakes were derived from foods in-
cluded in the dietary questionnaires through the stan-
dardized EPIC Nutrient Database [15]. To correct for
systematic under- or overestimation of dietary intake be-
tween the study centers, dietary values across centers
were scaled using an additive calibration model [16]. All
dietary variables used in this study were calculated by
using additive calibration.
For the present study, women with prevalent cancers
(except non-melanoma skin cancer) at study enroll-
ment (n = 20,477), women who were lost to follow-up
(n = 2557), pregnant women at study enrollment (n =
556), and women with missing data on diet, weight or
height, physical activity, or breastfeeding were excluded
from the analyses (n = 78,245). The latter exclusions
due to missing covariates comprised all participants
from Umeå, Sweden, and Norway, where physical
activity was not collected in sufficient detail as well as
participants from Bilthoven, the Netherlands, where
information on breastfeeding was not collected. Add-
itionally, in order to exclude implausible dietary in-
takes, participants within the lowest and highest 1% of
the cohort distribution of the ratio of total energy in-
take to estimated energy requirements were excluded
(n = 5033). Therefore, 260,151 women were finally in-
cluded in the analytical sample.
WCRF/AICR lifestyle score
A score reflecting the adherence to the World Cancer Re-
search Fund/American Institute for Cancer Research
(WCRF/AICR) cancer prevention recommendations was
constructed, as in previous studies [5, 17, 18]. Of the ten
recommendations (components) in the updated WCRF/
AICR report [19], the ones pertinent to healthy body
weight, physical activity, consumption of plant-based
foods, energy-dense foods, red and processed meat, and
sugary drinks and alcohol, as well as the recommendation
for breastfeeding, were used for the construction of the
score (see Additional file 1: Table S1). As in a previous
EPIC publication, the recommendation regarding supple-
ment use (due to lack of data) and the separate recom-
mendation pertinent to cancer survivors (not applicable in
our study population) were not used for the lifestyle score
in the present project [17].
Detailed information on the construction of the WCRF/
AICR lifestyle score for the EPIC cohort has previously
been reported [17]. In short, a score of 1 was assigned to
the corresponding component when a recommendation
was met. Intermediate scores (0.5 points) were assigned
when recommendations were partially met. The scoring
system was constructed such as that each recommenda-
tion would contribute equally to the total WCRF/AICR
lifestyle score. Since the “eat whole grains, vegetables,
fruit, and beans” recommendation contained two sub-
recommendations (fruit and vegetable consumption and
dietary fiber intake), the component score was calculated
as the average of the sub-recommendations’ score. The
scores obtained for each component were summed to cal-
culate the WCRF/AICR lifestyle score for each study par-
ticipant. The score ranged from 0 to 8, and higher scores
indicated greater agreement with the WCRF/AICR cancer
prevention recommendations. The score was additionally
categorized into three groups: category 1 (0 to 3 points),
category 2 (> 3 to ≤ 5 points), and category 3 (> 5 points).
The main difference between our WCRF/AICR lifestyle
score and the scores used previously in EPIC and other
studies [5, 17, 18] is the inclusion of the consumption of
sugary drinks as a separate recommendation. Previous
studies considered the consumption of sugary drinks as a
sub-recommendation, together with the consumption of
energy-dense foods (in order to capture the WCRF/AICR
recommendation: “Food and drinks that promote weight
gain. Limit consumption of energy-dense foods; avoid
sugary drinks”). We decided to include the consumption
of sugary drinks as a separate recommendation, in order
to be in concordance with the updated WCRF/AICR can-
cer prevention recommendations from 2018 [19] (see
Additional file 1: Table S1).
Of note, we decided to assign 1 point for adherence to
the WCRF/AICR recommendation on alcohol consump-
tion to individuals, who had reported moderate alcohol
consumption (≤ 10 g of ethanol intake per day), in
addition to non-consumers [5, 17]. This decision was
made to reduce the risk of reverse causality, given that
many previous studies have shown “sick quitter effects,”
i.e., a higher proportion of persons with impaired health
in the non-drinker category [20].
Outcome assessment
Women who developed first primary incident and histo-
logically confirmed BCIS between recruitment and the
latest date of complete information were considered as
cases. BCIS cases were identified through population
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cancer registries in Denmark, Italy, the Netherlands,
Spain, Sweden, and the UK. In France, Germany, and
Greece, a combination of methods was used including
health insurance records, cancer pathology registries,
and active follow-up of study participants and their next
of kin. The latest dates of complete information for BCIS
incidence varied among centers, ranging between 2008
and 2013. Cancer cases were coded according to the
10th Revision of the International Statistical Classifica-
tion of Diseases, Injuries, and Causes of Death and the
Second Revision of the International Classification of
Diseases for Oncology.
In situ tumors were further classified based on their
morphology as ductal carcinoma in situ (DCIS, morph-
ology code 8500/2) or lobular carcinoma in situ (LCIS,
morphology code 8520/2).
Statistical analyses
Categorical variables were presented by percentages
and continuous variables by arithmetic means and
standard deviations (SD) for descriptive purposes.
Missing covariate values were sporadic (0.1–6.8%,
depending on the covariate) and occurred in all par-
ticipating study centers. We used multiple imput-
ation with a fully conditional specification as
provided by PROC MI in SAS [21], and missing
values of the covariates (highest level of attained
education, smoking status, presence of chronic dis-
eases at recruitment, age at menarche, age at first
full-term pregnancy, ever use of oral contraceptive
pills, and ever use of menopausal hormone therapy)
were imputed on the basis of the distribution of age
at recruitment, total dietary energy consumption,
menopausal status, and all the individual compo-
nents of the WCRF/AICR lifestyle score and BCIS
diagnosis. Additionally, age at menarche, age at first
full-term pregnancy, and ever use of oral contracep-
tive pills, or ever use of menopausal hormone ther-
apy, were used to impute ever use of menopausal
hormone therapy and ever use of oral contraceptive
pills, respectively. The PROC MI procedure resulted
in five complete data sets. The five complete data
sets were then analyzed with Cox proportional haz-
ards regression, and the results for all were com-
bined with PROC MIANALYZE in SAS.
Cox proportional hazards regression was used to as-
sess the association between the WCRF/AICR lifestyle
score as well as its individual components and the risk
of BCIS development. Entry time was defined as the date
of a participant’s recruitment in the study and exit time
as the date of diagnosis of BCIS. Participants who were
not diagnosed with BCIS were censored on the date of
diagnosis of other cancers, except non-melanoma skin
cancer, or on the date of loss to follow-up, end of
follow-up, or death, whichever came first. All analyses
were stratified by age at recruitment (1-year intervals)
and center.
Two sets of covariates were evaluated for statistical ad-
justment. In model 1, we adjusted for the highest level
of attained education (none/primary school, technical/
secondary school, university degree), smoking status
(never smoker, former smoker, current smoker), and
total dietary energy consumption (kcal/day). Model 2
was additionally adjusted for a priori determined con-
founders including the presence of chronic diseases at
recruitment (type 2 diabetes, heart disease, and stroke;
yes, no), age at menarche (< 12 years, ≥ 12 to ≤ 15 years,
> 15 years), age at first full-term pregnancy (nulliparous,
< 21 years, ≥ 21 to ≤ 30 years, > 30 years), menopausal
status [premenopausal, perimenopausal, postmenopausal
(also including surgical postmenopausal)], ever use of
oral contraceptive pills (yes, no), and ever use of meno-
pausal hormone therapy (yes, no). The WCRF/AICR life-
style score was assessed both as a continuous and as a
categorical variable. BCIS was evaluated as a composite
outcome (i.e., DCIS, LCIS, and all other in situ lesions)
and by morphological subtypes (DCIS vs. LCIS). The re-
sults are presented as hazard ratios (HR) and corre-
sponding 95% confidence intervals (CI).
Given that BCIS is mainly diagnosed by mammo-
graphic screening, we conducted subgroup analyses
evaluating the association in centers where most women
were recruited via screening programs and in which
screening participation during follow-up was high (Ut-
recht [22] and Florence [23]; screening-recruited co-
horts) compared to the other centers. Due to potential
differential participation in mammographic screening
programs by education level, smoking status, age at re-
cruitment (< 50 vs. ≥ 50 years), and menopausal status,
we conducted analyses additionally stratified by these
factors. Moreover, given the differential associations ob-
served for some risk factors, especially obesity, by meno-
pausal status and use of menopausal hormone therapy
[6], we looked at the association of the individual com-
ponents of the WCRF/AICR lifestyle score and BCIS
risk, stratifying by menopausal status and menopausal
hormone therapy use. Sensitivity analyses were con-
ducted, excluding participants with less than 1 year of
follow-up (n = 1794). Analyses were conducted using
SAS version 9.4 (SAS Institute, Cary, NC). All statistical
tests were two-sided, and p values < 0.05 were consid-
ered statistically significant.
Results
After an overall median follow-up time of 14.9 years,
1277 BCIS (938 DCIS, 96 LCIS, 243 other in situ lesions)
cases were diagnosed in the EPIC cohort. Proportions of
BCIS to overall breast cancer cases varied between 4.3
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and 15.8% across the study centers (Additional file 1:
Table S2). As expected, the age-standardized incidence
rate of BCIS was higher in the screening-recruited co-
horts (EPIC-Florence and EPIC-Utrecht, 15.5 cases per
100,000 person-years) compared to the other centers
(10.2 cases per 100,000 person-years), with an overall
average incidence rate of 10.5 per 100,000 person-years.
A further description of the study population is shown
in Table 1. Women from the screening-recruited cohorts
were older, less likely to have a university degree, and
more likely to be former or current smokers, compared
to women recruited in the non-screening centers.
The associations between the WCRF/AICR lifestyle
score and BCIS risk are shown in Table 2. The WCRF/
Table 1 Baseline characteristics in the total study population
Total study population
(n = 260,151)
Screening-recruited cohorts
(n = 24,727)
Other centers
(n = 235,424)
WCRF/AICR lifestyle score, mean (SD) 4.5 (1.1) 4.5 (1.1) 4.5 (1.1)
Age at recruitment, mean (SD) 51.7 (9.9) 55.5 (7.2) 51.3 (10.0)
Highest level of attained education, %
None/primary school 30.4 31.1 30.3
Technical/secondary school 41.7 52.1 40.6
University degree 23.7 16.6 24.4
Unknown/missing 4.2 0.2 4.7
Smoking status, %
Never smokers 59.1 45.1 60.6
Former smokers 21.8 30.6 20.9
Current smokers 17.5 24.3 16.8
Unknown/missing 1.5 0.0 1.7
Chronic diseases at recruitment, %
Yes 3.3 4.5 3.2
Unknown 6.8 0.4 7.5
Menopausal status, %
Premenopausal 33.4 17.6 35.0
Postmenopausal 49.9 65.0 48.3
Perimenopausal 16.8 17.5 16.7
Ever use of oral contraceptive pills, %
Yes 56.7 57.7 56.6
Unknown 0.4 0.1 0.4
Ever use of menopausal hormone therapy, %
Yes 24.7 23.6 24.8
Unknown 6.0 0.1 6.6
Age at menarche, %
< 12 years 15.7 15.6 15.7
≥ 12 to ≤ 15 years 77.1 75.9 77.2
> 15 years 6.2 7.2 6.1
Unknown 1.0 1.3 1.0
Age at first full-term pregnancy, %
Nulliparous 15.6 13.9 15.8
< 21 years 11.7 6.3 12.3
≥ 21 to ≤ 30 years 63.9 69.1 63.4
> 30 years 8.6 10.7 8.4
Unknown 0.2 0.0 0.2
SD standard deviation, WCRF/AICR World Cancer Research Fund/American Institute for Cancer Research
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AICR lifestyle score was not significantly associated with
BCIS risk (HR = 0.98, 95% CI 0.93–1.03; per one unit of
increase in the WCRF/AICR lifestyle score, HRcat 3 vs. cat
1 = 0.98, 95% CI 0.80–1.22; in the multivariable models)
in the full EPIC cohort. A significant inverse BCIS risk
association for WCRF/AICR lifestyle score was observed
in the screening-recruited cohorts (HR = 0.85, 95% CI
0.73–0.99; per one unit of increase in the WCRF/AICR
lifestyle score in the multivariable model), but not in the
other centers (HR = 0.99, 95% CI 0.94–1.05; per one unit
of increase in the WCRF/AICR lifestyle score in the
multivariable model). While prespecified subgroup ana-
lyses of smoking status and menopausal status showed
similar associations as the overall analyses, the inverse
association between lifestyle score and BCIS risk was
more pronounced among women with lower education
level in the screening-recruited cohorts (Table 2). Asso-
ciations between lifestyle score and BCIS risk from ana-
lyses stratified by age at recruitment (< 50 vs. ≥ 50 years)
were similar in the two subgroups (data not shown).
Analyses by morphological subtype showed similar, non-
significant associations for DCIS (HR = 0.97, 95% CI
0.91–1.03) or LCIS risk (HR = 0.91, 95% CI 0.75–1.10;
per one unit of increase in the WCRF/AICR lifestyle
score in the multivariable model for the total study
population; Additional file 1: Table S3).
The mutually adjusted HRs for BCIS incidence as-
sociated with the individual components of the
WCRF/AICR lifestyle score are shown in Table 3. In
the overall study population, as well as in the analyses
stratified by recruitment mode, none of the compo-
nents of the score was significantly associated with
BCIS. In the analyses stratified by menopausal status
and menopausal hormone therapy use, BMI was in-
versely associated with BCIS risk in premenopausal
women (Additional file 1: Table S4).
Sensitivity analyses excluding women with less than 1
year of follow-up, or using the slightly different lifestyle
score previously used by Romaguera et al. in the EPIC
cohort [17], did not substantially modify our results
(data not shown).
Discussion
In the present large prospective study, we investigated
the association between adherence to the WCRF/AICR
cancer prevention recommendations and risk of BCIS.
Overall, we did not find an association between the
WCRF/AICR lifestyle score and BCIS risk. However,
subgroup analyses among women who were mostly re-
cruited via mammographic screening programs in the
EPIC centers in Florence and Utrecht, with high
screening participation rates during follow-up, did
show an inverse association.
To the best of our knowledge, even though no other
studies exist on lifestyle scores in relation to BCIS risk,
our findings are comparable to those of previous studies
assessing invasive or total (invasive and in situ tumors as
composite endpoint) breast cancer risk. The majority of
these studies have reported inverse associations between
the WCRF/AICR lifestyle score and invasive [both in
postmenopausal and in mixed (i.e., pre- and postmeno-
pausal) populations] [4, 17, 18, 24, 25] or total breast
cancer risk [5], with few exceptions [3, 26]. Particularly,
those studies on primarily postmenopausal breast cancer
risk that recruited participants via mammographic
screening programs [18] or adjusted for mammographic
screening attendance in their analyses [4] reported asso-
ciations of comparable magnitude to those found in our
study for the screening-recruited EPIC cohorts. Given
that BCIS is a mainly screen-detected cancer, the inverse
association observed in the screening-recruited cohorts
might suggest masking of a similar association in the
total population due to screening bias (i.e., women with
a more health-conscious lifestyle being more prone to
screening participation and screening-detected BCIS)
and undetected BCIS status at recruitment. To this end,
our overall analyses were limited by the fact that screen-
ing participation was not uniformly assessed in most
EPIC cohorts.
The lack of a statistically significant association be-
tween the individual components of the WCRF/AICR
lifestyle score and BCIS risk that we observed in the
present study is overall consistent with the findings from
studies on invasive breast cancer risk using similar
scores [18, 25–27], even though for some individual
components (e.g., alcohol consumption) associations
have been detected [4, 24, 27]. The inverse association
between BMI and BCIS risk in premenopausal women
in the present study is consistent with recently published
data from a pooling project, in which we took part with
EPIC [7]. By contrast, unlike in the NIH-AARP Diet and
Health Study [6], we did not observe a significant posi-
tive association between BMI and postmenopausal BCIS
among never users of menopausal hormone therapy, but
our results are in accordance with those of the Million
Women Study [8].
Our findings from the subgroup analyses in the
screening-recruited EPIC cohorts could suggest that a
combined healthy lifestyle (rather than individual
components alone) is important for the carcinogenetic
process in the breast. However, the lack of association
for individual components of the WCRF/AICR life-
style score in our analyses could also be due to the
relatively small proportion of the study population in
the screening-recruited EPIC cohorts (9.5% of the
total study population). Future large-scale studies with
more detailed information on mammographic
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screening attendance during follow-up and BCIS sta-
tus at recruitment are needed in order to investigate
the individual lifestyle factors in relation to BCIS risk
in more detail.
Given the agreement between our subgroup finding of
an inverse association between lifestyle score and BCIS
risk and those reported in other studies for invasive or
total breast cancer (i.e., simultaneously including
Table 3 Associations between adherence to individual WCRF/AICR cancer prevention recommendations and in situ breast cancer
risk
WCRF/AICR
cancer prevention
recommendation*
Total study population (n = 260,151) Screening-recruited cohorts (n = 24,727) Other centers (n = 235,424)
N cases/non-cases HR (95% CI) N cases/non-cases HR (95% CI) N cases/non-cases HR (95% CI)
Limit sugary drinks
0 189/39,589 Ref. 25/3537 Ref. 164/36,052 Ref.
0.5 799/160,657 0.95 (0.81–1.13) 103/15,276 1.01 (0.64–1.58) 696/145,381 0.94 (0.79–1.13)
1 289/58,628 0.96 (0.78–1.18) 31/5755 0.87 (0.48–1.57) 258/52,873 0.97 (0.77–1.21)
Breastfeed your baby
0 407/77,037 Ref. 48/6937 Ref. 359/70,100 Ref.
0.5 466/90,454 0.97 (0.82–1.14) 65/9253 1.02 (0.63–1.66) 401/81,201 0.96 (0.80–1.14)
1 404/91,383 0.99 (0.83–1.19) 46/8378 0.80 (0.48–1.35) 358/83,005 1.02 (0.85–1.23)
Limit alcohol
0 213/34,536 Ref. 37/4610 Ref. 176/29,926 Ref.
0.5 232/44,967 0.88 (0.73–1.06) 28/3820 0.94 (0.57–1.56) 204/41,147 0.88 (0.71–1.08)
1 832/179,371 0.88 (0.75–1.03) 94/16,138 0.75 (0.50–1.12) 738/163,233 0.90 (0.76–1.08)
Limit red and processed meat
0 530/98,891 Ref. 76/11,309 Ref. 454/87,582 Ref.
0.5 588/115,191 1.04 (0.92–1.18) 68/10,938 1.13 (0.79–1.60) 520/104,253 1.03 (0.90–1.18)
1 159/44,792 0.94 (0.75–1.17) 15/2321 1.31 (0.73–2.35) 144/42,471 0.90 (0.71–1.14)
Eat whole grains, vegetables, fruit, and beans
0 109/22,992 Ref. 6/735 Ref. 103/22,257 Ref.
0.25 191/36,549 1.07 (0.84–1.37) 18/2763 0.68 (0.26–1.74) 173/33,786 1.11 (0.87–1.43)
0.5 352/76,202 0.88 (0.69–1.12) 58/8787 0.61 (0.25–1.51) 294/67,415 0.90 (0.70–1.16)
0.75 405/79,341 1.00 (0.77–1.29) 50/7893 0.54 (0.21–1.41) 355/71,448 1.06 (0.81–1.39)
1 220/43,790 0.95 (0.70–1.30) 27/4390 0.41 (0.14–1.23) 193/39,400 1.04 (0.75–1.45)
Limit “fast foods”
0 138/31,684 Ref. 23/3294 Ref. 115/28,390 Ref.
0.5 787/153,617 1.12 (0.91–1.36) 109/16,473 1.21 (0.72–2.02) 678/137,144 1.11 (0.89–1.38)
1 352/73,573 1.01 (0.78–1.32) 27/4801 1.21 (0.59–2.48) 325/68,772 0.99 (0.74–1.30)
Be physically active
0 589/128,040 Ref. 52/8307 Ref. 537/119,733 Ref.
0.5 257/43,378 1.11 (0.95–1.29) 38/4523 1.30 (0.83–2.02) 219/38,855 1.08 (0.92–1.27)
1 431/87,456 1.00 (0.88–1.15) 69/11,738 0.88 (0.59–1.31) 362/75,718 1.03 (0.90–1.19)
Be a healthy weight
0 143/40,712 Ref. 22/3310 Ref. 121/37,402 Ref.
0.5 359/76,314 1.15 (0.95–1.40) 61/8668 1.06 (0.65–1.74) 298/67,646 1.16 (0.94–1.44)
1 775/141,848 1.09 (0.90–1.31) 76/12,590 0.87 (0.53–1.43) 699/129,258 1.13 (0.92–1.38)
Model adjusted for the highest level of attained education (none/primary school, technical/secondary school, university), smoking status (never smoker, former
smoker, current smoker), total energy intake (kcal/day), presence of chronic diseases at recruitment (yes/no), age at menarche (< 12 years, ≥ 12 to ≤ 15 years, >
15 years), age at first full-term pregnancy (nulliparous, < 21 years, ≥ 21 to ≤ 30 years, > 30 years), menopausal status (premenopausal, perimenopausal,
postmenopausal (also including surgical postmenopausal)), ever use of oral contraceptive pills (yes/no), and ever use of menopausal hormone therapy (yes/no).
Additionally, all individual components were adjusted for the remaining components of the WCRF/AICR lifestyle score. All analyses were stratified for center and
age at recruitment (1-year intervals). *Detailed information on the operationalization of the WCRF/AICR lifestyle score can be found in Additional file 1: Table S1
CI confidence interval, HR hazard ratio, WCRF/AICR World Cancer Research Fund/American Institute for Cancer Research
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invasive and in situ tumors) [5, 17, 18, 25], as well as
other overlapping risk factors between BCIS and invasive
tumors [8], BCIS and invasive breast cancer may be dis-
eases with etiological similarities. Of note, adherence to
the WCRF/AICR lifestyle score has been previously as-
sociated with lower mammographic density [28], a risk
factor for both invasive and in situ tumors. Thus, associ-
ations between pre-diagnostic lifestyle and risk of BCIS
as well as invasive cancer could suggest that lifestyle acts
at a relatively early stage of breast carcinogenesis. Poten-
tial mechanisms underlying the associations between
lifestyle and breast cancer could be effects of lifestyle on
basal inflammation, steroid hormone metabolism, and
insulin sensitivity, and studies suggest that people fol-
lowing the WCRF/AICR cancer prevention recommen-
dations have a more favorable biomarker profile (i.e.,
lower levels of circulating estrogen metabolites, inflam-
matory cytokines, and C-peptide), compared to those
who do not [29, 30].
The strengths of this study included the prospective
design and the substantial number of histologically
confirmed incident BCIS cases, but it also had some
limitations. Information on lifestyle habits was only
available from baseline and thus may not reflect the
long-term lifestyle habits of the study participants.
Furthermore, information on mammographic screen-
ing attendance was not available for large parts of our
study population. The fact that proportions of BCIS
to total breast cancer cases ranged between 4.3 and
15.8% across the centers of the EPIC cohort suggests
that screening participation but potentially also BCIS
registration were different across study sites. In this
context, it should be noted that we could not disen-
tangle the underlying reasons with our data. Tem-
poral and regional differences in BCIS reporting are
not expected to be differential among EPIC
participants with different lifestyle behaviors or char-
acteristics (e.g., education, smoking status), differential
detection bias, i.e., a differential individual likelihood
to participate in screening related to individual health
consciousness and socio-economic status cannot be
ruled out. Nevertheless, we were able to perform ana-
lyses restricted to women mainly recruited via orga-
nized mammographic screening programs at the EPIC
centers in Florence and Utrecht and reported the re-
sults from these analyses separately. While our main
objective was to evaluate the adherence to lifestyle
recommendations in relation to BCIS risk, we ac-
knowledge that more etiology-oriented analyses on
BCIS risk from EPIC and other cohorts are needed,
also taking into account morphological tumor sub-
types based on larger case numbers. Finally, as in any
observational study, we cannot exclude the possibility
of residual confounding.
Conclusions
In summary, women with a higher lifestyle score includ-
ing healthy body weight, regular physical activity, con-
sumption of a high-quality diet, breastfeeding, and
drinking a moderate amount of alcohol, if any, did not
have a statistically significant lower risk of BCIS com-
pared to participants who did not adhere to these
habits in the EPIC cohort. However, there was a statisti-
cally significant inverse association among participants
recruited via screening programs and with high screen-
ing participation during follow-up, suggesting that a true
inverse association between lifestyle habits and BCIS risk
in the overall cohort may have been masked by the lack
of information on screening attendance. The potential
inverse association between lifestyle and BCIS risk in
our subgroup analyses restricted to screening-recruited
EPIC cohorts is consistent with the inverse associations
between lifestyle scores and mammographic density as
well as breast cancer risk reported in previous studies.
These findings may indicate that BCIS and invasive
breast cancer have a similar risk factor profile. Add-
itional studies, with more detailed information on
screening participation, are required in order to validate
our findings.
Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s12916-019-1444-0.
Additional file 1: This file contains Table S1. The World Cancer
Research Fund/American Institute for Cancer Research (WCRF/AICR)
cancer prevention recommendations and the operationalization of the
WCRF/AICR lifestyle score in the European Prospective Investigation into
Cancer and Nutrition cohort; Table S2. The proportion of primary in situ
breast cancer cases over the total primary breast cancer cases diagnosed
in the European Prospective Investigation into Cancer and Nutrition
cohort; Table S3. The association between the World Cancer Research
Fund/American Institute for Cancer Research lifestyle score and the risk
for the most common morphological subtypes of BCIS (in the total study
population and according to recruitment mode) in the European
Prospective Investigation into Cancer and Nutrition cohort; Table S4. The
associations between the individual components of the World Cancer
Research Fund/American Institute for Cancer Research lifestyle score and
in situ breast cancer risk by menopausal status and menopausal hormone
use assessed in the total study population.
Abbreviations
AICR: American Institute for Cancer Research; BCIS: In situ breast cancer;
BMI: Body mass index; CI: Confidence interval; EPIC: European Prospective
Investigation into Cancer and Nutrition; HR: Hazard ratio; WCRF: World
Cancer Research Fund
Acknowledgements
Not applicable
Disclaimer
Where authors are identified as personnel of the International Agency for
Research on Cancer/World Health Organization, the authors alone are
responsible for the views expressed in this article and they do not
necessarily represent the decisions, policy, or views of the International
Agency for Research on Cancer/World Health Organization.
Karavasiloglou et al. BMC Medicine          (2019) 17:221 Page 9 of 11
Authors’ contributions
NK, SR, and TK contributed to the conceptualization. NK and AH contributed
to the formal data analysis. NK drafted the original manuscript. All authors
read and approved the final manuscript.
Funding
The work reported in this manuscript was undertaken while Ms. Karavasiloglou
was funded under grant KFS-4114-02-2017. The coordination of the European
Prospective Investigation into Cancer and Nutrition (EPIC) is supported
financially by the European Commission (DG-SANCO) and the International
Agency for Research on Cancer. The national cohorts are supported by the
Danish Cancer Society (Denmark); Ligue Contre le Cancer, Institut Gustave
Roussy, Mutuelle Générale de l’Education Nationale, Institut National de la Santé
et de la Recherche Médicale (France); German Cancer Aid, German Cancer
Research Center (German Cancer Research Center), Federal Ministry of
Education and Research (Federal Ministry of Education and Research), Deutsche
Krebshilfe, Deutsches Krebsforschungszentrum, and Federal Ministry of
Education and Research (Germany); Hellenic Health Foundation (Greece);
Associazione Italiana per la Ricerca sul Cancro-AIRC-Italy and National Research
Council (Italy); Dutch Ministry of Public Health, Welfare and Sports (Ministry of
Health, Welfare and Sport), Netherlands Cancer Registry (Netherlands Cancer
Registry), LK Research Funds, Dutch Prevention Funds, Dutch Zorg Onderzoek
Nederland, World Cancer Research Fund, Statistics Netherlands (the
Netherlands); Nordic Centre of Excellence Programme on Food, Nutrition and
Health (Norway); Health Research Fund (FIS) - Instituto de Salud Carlos III (ISCIII),
the Regional Governments of Andalucía, Asturias, Basque Country, Murcia and
Navarra, and the Catalan Institute of Oncology - ICO; Swedish Cancer Society,
Swedish Research Council, and County Councils of Skåne and Västerbotten
(Sweden); Cancer Research UK (14136 to EPIC-Norfolk, C570/A16491 and
C8221/A19170 to EPIC-Oxford), and the Medical Research Council (1000143 to
EPIC-Norfolk, MR/M012190/1 to EPIC-Oxford) (UK).
Availability of data and materials
For information on how to submit an application for gaining access to EPIC
data and/or biospecimens, please follow the instructions at http://epic.iarc.fr/
access/index.php.
Ethics approval and consent to participate
All study participants provided written informed consent. Ethical approval for
this study was obtained from the International Agency for Research on
Cancer review board and local participating centers (Greece, Granada,
Murcia, Navarra, San Sebastian, Asturias, Ragusa, Florence, Turin, Varese,
Naples, France, Heidelberg, Potsdam, Bilthoven, Utrecht, Cambridge, Oxford,
Aarhus, Copenhagen, Malmo, Umea, Tromsø).
Consent for publication
Not applicable
Competing interests
The authors declare that they have no competing interests.
Author details
1Division of Chronic Disease Epidemiology, Institute for Epidemiology,
Biostatistics and Prevention, University of Zurich, Zurich, Switzerland. 2Cancer
Registry Zurich and Zug, University Hospital Zurich, Zurich, Switzerland.
3Division of Cancer Epidemiology, German Cancer Research Center (DKFZ),
Heidelberg, Germany. 4Cancer Risk Factors and Life-Style Epidemiology Unit,
Institute for Cancer Research, Prevention and Clinical Network - ISPRO,
Florence, Italy. 5Julius Center for Health Sciences and Primary Care, University
Medical Center Utrecht, Utrecht University, Utrecht, The Netherlands.
6International Agency for Research on Cancer, Lyon, France. 7Department of
Community Medicine, University of Tromsø, The Arctic University of Norway,
Tromsø, Norway. 8CESP, Fac. de médecine - Univ. Paris-Sud, Fac. de
médecine - UVSQ, INSERM, Université Paris-Saclay, 94805 Villejuif, France.
9Gustave Roussy, F-94805 Villejuif, France. 10Breast and Gynaecologic Cancer
Registry of Côte d’Or, Georges-François Leclerc Cancer Centre, UNICANCER,
Dijon, France. 11Department of Public Health, Faculty of Health and Medical
Sciences, University of Copenhagen, Copenhagen, Denmark. 12Danish Cancer
Society Research Center, Copenhagen, Denmark. 13Department of Public
Health, Aarhus University, Aarhus, Denmark. 14Andalusian School of Public
Health (EASP), Granada, Spain. 15Instituto de Investigación Biosanitaria de
Granada (ibs. GRANADA), Granada, Spain. 16CIBER of Epidemiology and
Public Health (CIBERESP), Madrid, Spain. 17Universidad de Granada, Granada,
Spain. 18Department of Epidemiology, Murcia Regional Health Council,
IMIB-Arrixaca, Murcia, Spain. 19Department of Health and Social Sciences,
Murcia University, Murcia, Spain. 20Navarra Public Health Institute, Pamplona,
Spain. 21IdiSNA, Navarra Institute for Health Research, Pamplona, Spain.
22Public Health Directorate, Asturias, Spain. 23Unit of Nutrition and Cancer,
Catalan Institute of Oncology - ICO, Nutrition and Cancer Group, Bellvitge
Biomedical Research Institute - IDIBELL, L’Hospitalet de Llobregat, Barcelona,
Spain. 24Hellenic Health Foundation, Athens, Greece. 252nd Pulmonary
Medicine Department, School of Medicine, “ATTIKON” University Hospital,
National and Kapodistrian University of Athens, Haidari, Greece.
26Department of Clinical Sciences and Community Health, Università degli
Studi di Milano, Milan, Italy. 27Epidemiology and Prevention Unit, Fondazione
IRCCS Istituto Nazionale dei Tumori, Milan, Italy. 28Department of Clinical
Medicine and Surgery, Federico II University, Naples, Italy. 29Cancer Registry
and Histopathology Department, Azienda Sanitaria Provinciale (ASP), Ragusa,
Italy. 30Unit of Cancer Epidemiology, Città della Salute e della Scienza
University-Hospital and Center for Cancer Prevention (CPO), Turin, Italy.
31Department of Clinical Sciences, Lund University, Malmö, Sweden.
32Department of Surgery, Skåne University Hospital, Malmö, Sweden.
33Department of Oncology, Aarhus University Hospital, Aarhus University,
Aarhus, Denmark. 34Division of Oncology and Pathology, Clinical Sciences,
Lund University, Lund, Sweden. 35Nutritional Epidemiology Group, School of
Food Science and Nutrition, University of Leeds, Leeds, UK. 36Department of
Molecular Epidemiology, German Institute of Human Nutrition
Potsdam-Rehbrücke (DIfE), Nuthetal, Germany. 37Nuffield Department of
Population Health, University of Oxford, Oxford, UK. 38Department of Public
Health and Primary Care, University of Cambridge, Cambridge, UK.
39Department of Epidemiology and Biostatistics, School of Public Health,
Imperial College London, London, UK. 40Department of Hygiene and
Epidemiology, University of Ioannina School of Medicine, Ioannina, Greece.
Received: 18 July 2019 Accepted: 8 October 2019
References
1. Ward EM, DeSantis CE, Lin CC, Kramer JL, Jemal A, Kohler B, Brawley OW,
Gansler T. Cancer statistics: breast cancer in situ. CA Cancer J Clin. 2015;
65(6):481–95.
2. Leonard GD, Swain SM. Ductal carcinoma in situ, complexities and
challenges. J Natl Cancer Inst. 2004;96(12):906–20.
3. Fanidi A, Ferrari P, Biessy C, Ortega C, Angeles-Llerenas A, Torres-Mejia
G, Romieu I. Adherence to the World Cancer Research Fund/American
Institute for Cancer Research cancer prevention recommendations and
breast cancer risk in the Cancer de Mama (CAMA) study. Public Health
Nutr. 2015;18(18):3337–48.
4. Hastert TA, Beresford SA, Patterson RE, Kristal AR, White E. Adherence to
WCRF/AICR cancer prevention recommendations and risk of
postmenopausal breast cancer. Cancer Epidemiol Biomarkers Prev. 2013;
22(9):1498–508.
5. Romaguera D, Gracia-Lavedan E, Molinuevo A, de Batlle J, Mendez M,
Moreno V, Vidal C, Castello A, Perez-Gomez B, Martin V, et al. Adherence to
nutrition-based cancer prevention guidelines and breast, prostate and
colorectal cancer risk in the MCC-Spain case-control study. Int J Cancer.
2017;141(1):83–93.
6. Mullooly M, Khodr ZG, Dallal CM, Nyante SJ, Sherman ME, Falk R, Liao LM,
Love J, Brinton LA, Gierach GL. Epidemiologic risk factors for in situ and
invasive breast cancers among postmenopausal women in the National
Institutes of Health-AARP Diet and Health Study. Am J Epidemiol. 2017;
186(12):1329–40.
7. Premenopausal Breast Cancer Collaborative G, Schoemaker MJ, Nichols
HB, Wright LB, Brook MN, Jones ME, O’Brien KM, Adami HO, Baglietto L,
Bernstein L, et al. Association of body mass index and age with
subsequent breast cancer risk in premenopausal women. JAMA Oncol.
2018;4(11):e181771.
8. Reeves GK, Pirie K, Green J, Bull D, Beral V, Collaborators FtMWS.
Comparison of the effects of genetic and environmental risk factors on in
situ and invasive ductal breast cancer. Int J Cancer. 2012;131(4):930–7.
9. Pollán M, Ascunce N, Ederra M, Murillo A, Erdozáin N, Alés-Martínez JE,
Pastor-Barriuso R. Mammographic density and risk of breast cancer
Karavasiloglou et al. BMC Medicine          (2019) 17:221 Page 10 of 11
according to tumor characteristics and mode of detection: a Spanish
population-based case-control study. Breast Cancer Res. 2013;15(1):R9.
10. Steindorf K, Ritte R, Tjonneland A, Johnsen NF, Overvad K, Østergaard JN,
Clavel-Chapelon F, Fournier A, Dossus L, Lukanova A, et al. Prospective
study on physical activity and risk of in situ breast cancer. Cancer Epidemiol
Biomarkers Prev. 2012;21(12):2209–19.
11. George SM, Irwin ML, Matthews CE, Mayne ST, Gail MH, Moore SC,
Albanes D, Ballard-Barbash R, Hollenbeck AR, Schatzkin A. Beyond
recreational physical activity: examining occupational and household
activity, transportation activity, and sedentary behavior in relation to
postmenopausal breast cancer risk. Am J Public Health. 2010;100(11):
2288–95.
12. Dallal CM, Sullivan-Halley J, Ross RK, Wang Y, Deapen D, Horn-Ross PL,
Reynolds P, Stram DO, Clarke CA, Anton-Culver H. Long-term recreational
physical activity and risk of invasive and in situ breast cancer: the California
teachers study. Arch Intern Med. 2007;167(4):408–15.
13. Riboli E, Hunt KJ, Slimani N, Ferrari P, Norat T, Fahey M, Charrondiere UR,
Hemon B, Casagrande C, Vignat J, et al. European prospective investigation
into cancer and nutrition (EPIC): study populations and data collection.
Public Health Nutr. 2002;5(6B):1113–24.
14. Riboli E, Kaaks R. The EPIC Project: rationale and study design. European
Prospective Investigation into Cancer and Nutrition. Int J Epidemiol. 1997;
26(Suppl 1):S6–14.
15. Slimani N, Deharveng G, Unwin I, Southgate D, Vignat J, Skeie G, Salvini S,
Parpinel M, Møller A, Ireland J. The EPIC nutrient database project (ENDB): a
first attempt to standardize nutrient databases across the 10 European
countries participating in the EPIC study. Eur J Clin Nutr. 2007;61(9):1037.
16. Kaaks R, Riboli E. Validation and calibration of dietary intake
measurements in the EPIC project: methodological considerations.
European Prospective Investigation into Cancer and Nutrition. Int J
Epidemiol. 1997;26(suppl_1):S15.
17. Romaguera D, Vergnaud AC, Peeters PH, van Gils CH, Chan DS, Ferrari P,
Romieu I, Jenab M, Slimani N, Clavel-Chapelon F, et al. Is concordance with
World Cancer Research Fund/American Institute for Cancer Research
guidelines for cancer prevention related to subsequent risk of cancer?
Results from the EPIC study. Am J Clin Nutr. 2012;96(1):150–63.
18. Harris HR, Bergkvist L, Wolk A. Adherence to the World Cancer Research
Fund/American Institute for Cancer Research recommendations and breast
cancer risk. Int J Cancer. 2016;138(11):2657–64.
19. World Cancer Research Fund/American Institute for Cancer Research: Diet,
nutrition, physical activity and cancer: a global perspective. Continuous
update project expert report. 2018.
20. Fekjaer HO. Alcohol-a universal preventive agent? A critical analysis.
Addiction. 2013;108(12):2051–7.
21. Van Buuren S, Brand JPL, Groothuis-Oudshoorn CGM, Rubin DB. Fully
conditional specification in multivariate imputation. J Stat Comput Simul.
2006;76(12):1049–64.
22. Boker LK, van Noord PA, van der Schouw YT, Koot NV, Bueno de
Mesquita HB, Riboli E, Grobbee DE, Peeters PH. Prospect-EPIC Utrecht:
study design and characteristics of the cohort population. European
Prospective Investigation into Cancer and Nutrition. Eur J Epidemiol.
2001;17(11):1047–53.
23. Masala G, Ambrogetti D, Assedi M, Giorgi D, Del Turco MR, Palli D. Dietary
and lifestyle determinants of mammographic breast density. A longitudinal
study in a Mediterranean population. Int J Cancer. 2006;118(7):1782–9.
24. Nomura SJ, Inoue-Choi M, Lazovich D, Robien K. WCRF/AICR
recommendation adherence and breast cancer incidence among
postmenopausal women with and without non-modifiable risk factors. Int J
Cancer. 2016;138(11):2602–15.
25. Castelló A, Martín M, Ruiz A, Casas AM, Lope V, Antolín S, Sánchez P, Ramos
M, Antón A, Muñoz M. Lower breast cancer risk among women following
the World Cancer Research Fund and American Institute for Cancer
Research lifestyle recommendations: EpiGEICAM case-control study. PLoS
One. 2015;10(5):e0126096.
26. Catsburg C, Miller AB, Rohan TE. Adherence to cancer prevention guidelines
and risk of breast cancer. Int J Cancer. 2014;135(10):2444–52.
27. Makarem N, Lin Y, Bandera EV, Jacques PF, Parekh N. Concordance with
World Cancer Research Fund/American Institute for Cancer Research
(WCRF/AICR) guidelines for cancer prevention and obesity-related cancer
risk in the Framingham Offspring cohort (1991–2008). Cancer Causes
Control. 2015;26(2):277–86.
28. Castelló A, Prieto L, Ederra M, Salas-Trejo D, Vidal C, Sánchez-Contador C,
Santamariña C, Pedraz C, Moreo P, Aragonés N. Association between the
adherence to the international guidelines for cancer prevention and
mammographic density. PLoS One. 2015;10(7):e0132684.
29. Morimoto Y, Beckford F, Cooney RV, Franke AA, Maskarinec G. Adherence to
cancer prevention recommendations and antioxidant and inflammatory
status in premenopausal women. Br J Nutr. 2015;114(1):134–43.
30. Tabung FK, Fung TT, Chavarro JE, Smith-Warner SA, Willett WC, Giovannucci
EL. Associations between adherence to the World Cancer Research Fund/
American Institute for Cancer Research cancer prevention
recommendations and biomarkers of inflammation, hormonal, and insulin
response. Int J Cancer. 2017;140(4):764–76.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Karavasiloglou et al. BMC Medicine          (2019) 17:221 Page 11 of 11
